The antibody-induced capping of several cell
treated with rabbit antibodies to T200, a major surface glycoprotein, rapidly formed caps containing T200, but the mutant cells similarly treated showed a uniform surface distribution of T200. On the other hand, with a secondary antibody treatment, the T200 on both cells capped equally well. When the indirect T200 caps were examined using a second immunofluorescent stain for H-2, TL, or Thy-I antigens, it was found that on parental cells all three of these antigens were co-capped with T200; on mutant cells no staining was found for H-2 or TL, as expected, and essentially uniform distribution of Thy-1 was observed. The co-capping of H-2, TL, and Thy-1 antigens with ¶200 on the parent cell is remarkable, because the first three components are known to be molecularly independent in lymphocyte cell surfaces. The indirect capping of the viral glycoprotein gp 69171 similarly induced a co-capping of H-2 and TL antigens on the parent cell. These results demonstrate that H-2 and related molecules may co-cap with a variety of independent cell surface antigens. Such co-capping of histocompatibility components could play an important role in a proposed dual recognition mechanism for cell-mediated cytotoxicity reactions and other immunologically important cell-cell interactions. When appropriately stimulated, an organism can develop cellmediated immunity to viral or other antigens. In this process cytotoxic thymus-derived (T) lymphocytes (killer cells) proliferate and, upon contact with target cells bearing the specific antigen, cause the lysis of these cells. A remarkable feature of this immune reaction is that both the stimulator and target cells not only must carry the same antigen (A) but also must possess one or more of the major histocompatibility antigens in common for the cytotoxic reactions to be effective. In the mouse, this major histocompatibility antigen is called H-2. Two hypotheses concerning the mechanism of this and related phenomena have been advanced (1, 2) . One hypothesis ("alteredself") is that the killer T nition mechanism which assumes that at some stage the two sets of recognition molecules function simultaneously, and which takes cognizance of the fluid mosaic characteristics of the surface membranes in these cell-cell interactions. This version includes the following elements: (i) It is suggested that quite generally a specific cell-cell interaction, mediated by the specific binding of molecules a in the one cell surface to molecules b in the other, involves the mutual capping of the a and b molecules in their respective membranes into the contact regions between the two cells (3, 4) . That is, after some small number of a-b bonds form where the two cells make initial contact, lateral diffusion in their respective fluid membranes brings other a and b molecules into the region of cell contact, where they form additional a-b bonds. This results in a collection, or capping, of the a and b molecules in the contact region. In the special case of immune cytolysis, it is proposed that the r(A) molecules in the membrane of the killer cell bind to and cap the A molecules in the membrane of the target cell, and vice versa, into the regions of cell-cell contact.
(ii) Within the target cell membrane, the capping of the A molecules induces a "cocapping" of the initially independent molecules of one or more H-2 antigens into the same regions of the membrane (see Discussion for possible mechanisms for such co-capping (10) . The R1(TL-) cell line was derived from R1(TL+) by complement-mediated immune selection against the TL antigen (6) and lacks detectable cell surface TL and H-2k antigen as determined both by quantitative cytotoxic absorption (6) and by immunoprecipitation of extracts of cells labeled by lactoperoxidase-catalyzed iodination (7) . The R1(TL-) cell line is insensitive to cell-mediated cytotoxicity directed either against the H-2supnk antigen itself (11, 12) or against minor histocompatibility antigens (11) or the trinitrophenyl determinant (12) .
Both R1(TL+) and R1(TL-) were grown as suspension cultures in Dulbecco's.modified Eagle's medium with 10% horse serum (13) . Other cell lines, used for absorption of antisera, have been described (10, 13, 14) .
Antibodies. The mouse anti-H-2k serum was prepared by injecting (C3H.SW X B10.D2-new) mice repeatedly with the C3H sarcoma BP8. This antiserum recognizes (probably) only both the K and D ends of the H-2k complex. The serum was absorbed three times with a 1/3 volume of a pool of the H-2d myeloma S194/2-CMD-3-3-3 and the H-2b lymphoma EL4-BU-1 to absorb autoantibodies and antiviral antibodies and was specific for H-2k cell lines in direct cytotoxic tests.
Mouse anti-TL 1, 2, 3 was prepared by repeated injection of C57BL/6 X A-Tlab) mice with the A strain spontaneous leukemia ASL1. The serum was absorbed three times with 1/3 volume of a pool of the lymphoma cell lines BW5147.G-1.4 and EL4-BU-1 to remove antibodies against murine leukemia virus and auto-antibodies. The absorbed serum was specific for TL+ cell lines in direct cytotoxic tests.
Mouse anti-Thy-1.2 antiserum was prepared by intraperitoneal immunization of AKR/J mice with C3H/HeJ normal thymocytes. The serum was absorbed three times with '/3 its volume of the Thy-i.1 lymphoma BW5147-G-1-4 to remove contaminating autoantibodies and antibodies against murine leukemia virus. No immunofluorescent staining was seen with Thy-1.2-negative mutant cell lines (14) 
glycine, and were then treated with mouse antisera to H2k, TL, or Thy-i at room temperature for 30 min.
After washing, the cells were incubated with fluorescein-conjugated goat antibodies to mouse IgG.
Fluorescence Microscopy. The cells that had been labeled in this manner were examined with a Zeiss Photoscope III using a 63X oil immersion lens and epi-illumination. Fluorescein and rhodamine fluorescences were excited with an Osram HBO 50-W bulb, and the filter combinations CZ487710 and CZ487714, respectively, were used for observation. Photography was performed with Kodak plus-X film.
RESULTS
When rabbit antibodies to the mouse T200 antigen were bound to the surfaces of the parental thymoma cells, they induced the rapid direct capping of that antigen at 370 (Fig. 2A) . This was revealed by fixing the treated cells, and staining them with the fluorescein-conjugated goat antibodies to rabbit IgG. On the other hand, the same treatment of the mutant cells resulted in the binding of the rabbit antibodies but no capping (Fig. 2B) , even after 1 hr of observation. When, however, the fluorescein-conjugated goat antibodies were added to unfixed cells that had first been treated with the rabbit antibodies to T200, and the cells were then incubated at 370 before fixation, both the parental and mutant cells showed essentially equivalent indirect capping of the T200 antigen ( Fig. 2 C and D) . The direct and indirect caps on the parental cells were somewhat different in appearance, with the latter exhibiting a more patchy structure.
For co-capping experiments, fixed cells such as those in Fig.  2 C and D, containing indirect T200 caps induced by secondary antibody treatment (this time with rhodamine-conjugated goat antibodies to rabbit Ig), were then treated with mouse alloantibodies directed to either the H-2, TL, or Thy-i antigens present on the parental cells, and then with fluorescein-conjugated goat antibodies to mouse Ig. The H-2 ( Fig. 2 E and F) , the TL (Fig. 2 C and H) and the Thy-i (Fig. 2 I and J) fluorescein staining patterns were uniformly found to be co-extensive with the T200 rhodamine caps on the parental cells. If normal mouse IgG was substituted for the mouse alloantibodies, no fluorescein staining was observed. The same treatments of the mutant cells showed no staining for H-2 ( Fig. 2 K and L) or for TL (not shown), as expected from the absence of these antigens from the mutant cell surface, and a variable but largely uniform surface staining for Thy-i (Fig. 2 M and N) . In the last case, although in different cells different degrees of redistribution of the Thy-i antigen into the region of the T200 caps was observed, in many cells the majority of the Thy-i remained uniformly distributed, a very different result from that obtained with the parental cells- (Fig. 2J) .
The capping of the gp 69/71 antigen required a secondary antibody on both the parental (Fig. 3A) and the mutant (Fig.   3C ) cells. When such capped and fixed cells were then stained for H-2, it was found to be co-capped with the gp 69/71 on the parental cells (Fig. 3 A and B) , and was absent, as expected, from the mutant cell (Fig. 3D) . Similar results were obtained (not shown) for the TL antigen as for the H-2.
DISCUSSION
The two C58 thymoma cell lines used in this study have been characterized in detail elsewhere (6, 7, 11, 12) . Briefly, the mutant cell line R1(TL-) had undetectable amounts (<3% of the parental line) of either the TL or H-2 antigens, by radiolabeling and serological techniques. On the other hand, the mutant cells had approximately the parental amounts of Thy-1.2 (6), gp 69/71 (R. Hyman, unpublished data), and T200 antigens (7) expressed on their surfaces. These features were confirmed qualitatively by the immunofluorescence studies reported in this paper.
Despite the similarity in amounts of the T200 antigen on the surfaces of the parent and mutant cells, a remarkable difference in the capping behavior of that antigen was observed. T200 could be directly capped by its rabbit antibodies on the parent but not on the mutant cells (Fig. 2 A and B) . That this difference was not due to a generalized defect in the capping capacity of the mutant cells was shown in at least two ways. First, the indirect capping of the T200 antigen, using both primary and secondary antibody reagents, elicited closely similar capping behavior on the parental and mutant cells (Fig. 2 C and D) . Second, the capping by fluorescein-conjugated concanavalin A of both cells was indistinguishable (not shown). The inference is that, if the surface properties of the two cell lines are indeed otherwise indistinguishable, the absence of the H-2 and TL antigens from the mutant cell is directly associated with the inability to cap its T200 antigen with the primary antibody.
Of particular interest is the finding that the H-2 ( Fig. 2 particularly for the fact that in the absence of H-2 and TL kind of complex interaction, perhaps between small clusters of molecules the T200 molecules cannot be capped directly. Some T200 molecules and other membrane components, may be involved in the co-capping observed.1 If so, this is not a property confined to the T200 antigen. When the viral glycoprotein antigen gp 69/71 was indirectly capped using specific goat antibodies on the parental cells, H-2 and TL antigens were co-capped with it (Fig. 3) . On the other hand, it is particularly interesting that with the enzyme aminopeptidase as the surface antigen (19) , its capping with specific goat antibodies left the H-2 and TL antigens uniformly dispersed on the surfaces of the parental cells (not shown). The factors that govern these cocapping phenomena clearly need systematic study, using a variety of surface components, ligands, and cells.
Despite present uncertainties about the detailed mechanisms involved, however, our findings on co-capping carry several important implications. From the observation that viral antigens apparently co-cap with the H-2 antigen on the surfaces of tumor cells, Schrader et al. (20) have inferred that the two types of molecules form a molecular complex (a "hybrid antigen") on the cell surf-ace. These experiments have been taken, therefore, to support the "altered-self" hypothesis of cell-mediated cytotoxicity reactions (see Introduction). Our results, however, indicate that other interpretations of the observed co-capping are possible, and that such experiments therefore do not necessarily support the "altered-self" hypothesis. In another connection, the sporadic inclusion of H-2 antigenic determinants on C type virus particles (21) , which form by a process of assembly and budding from the cell membrane, may likewise be the result of a nonstoichiometric co-capping of H-2 with the viral capsid proteins during the viral assembly process. 1 1 Finally, our findings that H-2 and TL not only can co-cap with independent surface antigens, but also, as in the case of the T200 antigen, can affect the capping efficiency of another surface antigen, lend some plausibility to the version of the "dual recognition" mechanism outlined in the Introduction.
A possible explanation of this different capping behavior may be given in terms of a recently developed theory of the capping phenomenon (18) . In this theory, the clustering of a membrane receptor into a small patch causes it to become linked across the membrane to actin and myosin components on the inner membrane surface. These actin-and myosin-linked patches are then collected into a cap by activation of the actin-myosin sliding filament mechanism. When the primary antibody to the T200 antigen is added to the parental cell, the clustering of the T200 antigen together with H-2, TL, and other membrane molecules may produce a sufficiently large or "sticky" patch to allow the transmembrane linkage to actin-myosin to form; whereas with the mutant cell, the clustering of the T200 antigen in the absence of H-2 and TL may produce a smaller or less "sticky" patch. In the latter case, however, the addition of the secondary antibody could produce larger patches that would be able to form the transmembrane linkages. 1It has been observed that a selective incorporation of H-2D compared to H-2K antigens occurs in these virus'particles (21) .'Itlis possible that the molecularly independent H-2D and H-2K antigens (22) , despite their close similarity, do not co-cap to an equal extent in our experiments when T200 and other surface antigens are capped on the parental cells; specific anti-H2K and anti-H2D antibodies would be required to investigate this point. This is not the place to elaborate upon or to defend that mechanism. The point we wish to stress here is that H-2 and related molecules may co-cap with a variety of independent surface antigens, and that such co-capping could play an important role in a dual-recognition scheme of cell-mediated cytotoxicity reactions. Other products of the major histocompatibility gene complex may also exhibit co-capping with appropriate surface components, and in a similar manner, such co-capping may be essential to the involvement of these gene products in several other immunologically important cell-cell interactions (2 
